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Introduction 
This proposal addresses inflammatory bowel disease (IBD). Multiple factors have been 
implicated in the progression of ulcerative/granulomatous (Crohn’s) colitis to colorectal 
carcinoma (CRC) in patients and in experimental models of IBD. Nonetheless, the pathogenic 
link, interrelationship, and practical clinical application of these various theories of progression 
have remained elusive. We proposed that having a reduced number of functioning lymphatic 
vessels and impaired lymph drainage (lymphatic vascular insufficiency) in the colon actually 
protects against progression of inflammatory colitis to colon cancer. Our primary objective is to 
determine whether there is a reduced incidence of colon cancer in mice with lymphatic 
deficiency from genetic knockout of angiopoietin 2 (Ang2) compared to controls. This project is 
currently in an extension year to complete project objectives. 
 
Body 
Task 1: Existing Institutional Animal Care and Use Committee protocol was modified and 
specific approved for all aspects of this project in conjunction with the DOD ACURO Appendix 
was obtained. Subsequent renewal application was approved by IACUC on 8/16/12 (until 
8/16/2015) and renewal was identical (without any changes) for this project protocol. 
 
Task 2: The inflammatory colitis to colorectal tumors/cancer model was implemented in 
angiopoietin-deficient and wildtype control mice: 
 
Initially, groups of wildtype mice were chronically administered dextran sodium sulfate (DSS) in 
an on-off regimen to produce inflammatory colitis and assess colonic tumor formation. Because 
of variability in the potency of the DSS lots and heightened mortality observed at our previously 
tolerated regimen of 3% DSS, it was necessary to scale down the dose stepwise to 2%, then 1-
1/2% to achieve comparable clinical efficacy, acceptable tolerability, and low mortality. 
 
At the 1-1/2% DSS on-off regimen, whereas fully-developed clinical symptoms and lab findings 
of inflammatory colitis were noted as previously (at a substantially higher % DSS), no colonic 
tumors were noted grossly in wildtype (+/+) mice or in the smaller number of Ang2-
haploinsufficient (+/-) and knockout (-/-) mice that survived for the 9 week period of observation. 
Detailed microscopic and serologic examinations are pending. 
 
In 3 successive randomized subsets of mice, addition of a single priming dose (12mg/Kg) of 
carcinogen azoxymethane (AOM) followed by the 1-1/2% DSS on-off regimen for 8 weeks led 
not only to fully-developed clinical symptoms, lab findings, and gross pathologic changes of 
inflammatory colitis (e.g. colon shortening and thickening) but also gross colonic tumors visible 
protruding from the mucosa into the lumen, largely confined to the distal portion of the colon, in 
all +/+, +/-, and -/- mice. Number, size, and extent of these tumors varied greatly. with a trend to 
smaller tumor load in the Ang-2 deficient mice. However, for statistical significance, these 
findings require confirmation in a larger number of mice (particularly expanding numbers of Ang-
2 deficient mice which exhibited disproportionately higher mortality during the experimental 
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regimen) along with refined, standardized quantization of surface tumor volume. Moreover, 
detailed microscopic analysis has not been completed, which will better define the colonic tumor 
stages, depth and invasion for comparison. Serologic examination, specifically measurement of 
Ang-2 serum levels in batched blood, is also pending. 
 
Task 3: Detailed tissue and imaging analysis of the neoplastic changes as well as serial blood 
marker analysis for the completed experimental groups is underway (see Task 2). 
 
For completed experimental groups, tissues have been harvested at sacrifice, gross and 
dissecting microscope examination carried out, and predetermined colon segments identified 
spanning from the proximal to distal colon, preserved and processed appropriately for histologic 
and immunohistochemical examination. 
 
Blood has also been collected, and sera prepared and frozen for batch ELISA analysis of Ang-2 
as a tumor biomarker. 
 
The potential of advanced non-invasive, dynamic ultrasound imaging has been explored in 
individual +/+ mice using the Vevo ultrasound machine, and technical issues with colonic 
ultrasound imaging have been identified, e.g. tissue depth and gas in the colon; Approaches to 
lymphatic ultrasound imaging are also being examined. Alternative or supplementary use of 
serial endoscopy using ultra-high resolution optical coherence tomography, particularly suitable 
to the distal colon, where the tumors are largely confined, is also being evaluated. 
 
Task 4: Project data analysis is ongoing. 
 
 
Key Research Accomplishments 
 

 1) Completed and secured approval of ACURO Appendix 
 2) Revised dextran sodium sulfate (DSS) dosing in our model 
 3) Completed mouse cohorts with chronic exposure to DSS 
 4) Added pre-carcinogen azoxymethane (AOM) to the chronic protocol 

 5) Are completing additional experimental groups, have undertaken tissue   
  analysis and imaging studies, and data analysis is ongoing. 
 
 
Reportable Outcomes 
Work in this project is still ongoing to complete research objectives and there are no reportable 
outcomes in this first Annual Report. Data analysis and reporting of Outcomes will follow in the 
extension year and be included in the final report. 
 
Conclusion 
This project is in a no-cost extension year to complete objectives. Encouraging results in the 
use of the model and determination of functional model parameters have been obtained for 
which data analysis is ongoing to determine significance and for reporting. Reportable 
Outcomes are anticipated during the extension year. 
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